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It is the responsibility of the Air Traffic Control Specialist to maintain adequate separation of
aircraft, as prescribed by the Air Traffic Control (ATC) Handbook (7110.65J). To perform
satisfactorily, controllers must maintain a sufficient level of situation awareness (SA). Poor SA on
the part of the controller may result in the loss of separation between two or more aircraft,
otherwise known as an operational error. Each time an operational error occurs a lengthy, detailed
investigation and report of the incident is completed by the facility concerned.

Operational error reports have previously been analyzed by a number of researchers (e.g.,
Rodgers & Nye, 1993; Schroeder & Nye, 1993; Redding, 1992). We took a similar approach to
analyzing operational errors that occurred during 1993. We analyzed the 412 nonoceanic
operational errors reported by air route traffic control centers (specifically en route centers) during
calendar year 1993. From these reports, 388 were complete along the variables we considered and
formed the database for the current study. An effort was made to determine those factors, if any,
that characterized those errors. In particular, we attempted to determine the factors that influenced
severity of the operational error. In each case, we used a stepwise multipl ion proced
To be included in the resulting regression model, a variable had to be sxgmﬁcam atthe p <.15
level.

The primary purpose of the current study was to determifie if controllers who differed in their
reported awareness of the error also differed in the types of errors they made. We began by trying
1o predict the severity of the operational error from 1) other characteristics of the error, 2)
personnel variables, 3) situation variables, and 4) causal factors. Finally, we explored whether
aware controllers and unaware controllers differed in the type of psychological process that went
awry during the error. If reported awareness is an unimportant factor, then we should see little
difference between aware and unaware controllers.

Predicting Error Severity
Variables characterizing operational errors

To avoid an error in en route airspace, aircraft must be 5 NMnm apart horizontally or 1000 feet
(2000 over FL. 290) apart vertically. Violations of these minima yield errors of different severity.
Severity, as used here and elsewhere (Rodgers & Nye, 1993), is the result of a configural rule for
combining violations of vertical separation and horizontal separation. Scores range from 0 to 20.
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For example, a major error is given 20 points and occurs when aircraft are separated by less than
500 ft vertically and less than .5 miles horizontally. Moderate errors have severity scores ranging
from 14 to 19. Minor errors have a severity scores of 13 or less. In our 1993 dataset, there were
no Major errors.

Virtually all of the errors reported were exclusively human (99%), that is did not involve
equipment or procedures, involved only one facility (96%), and were not related to procedural
deficiencies (98%). The flights involved in the errors we examined were predominantly under
radar control (99%) and typically one flight was descending (83%) either through an altitude
occupied by a level flight (42%) or through airspace used by a climbing flight (33%).

Sixty-two percent of the controllers were not aware that an operational error was developing,
whereas 38% were aware of the error but were unable to rectify it in time. Typically, the errors
were ultimately recognized by means of the conflict alert (46%) or were self-identified (40%).

Predicting severity from the set of error cohort variables using stepwise multiple regression,
yielded an equation of three predictor variables accounting for 6.8% of the variance in severity:
Controllers who were aware that an error was developing made significantly less severe errors
(8.93, range 3 - 17) than those who were unaware (10.66, range 3 - 19). The other two variables
of the model, each accounted for less than 1% of the variance. Procedural deficiency, an indicator
of deficiencies in established procedures, was more likely to be implicated for the more severe
errors. Finally, although few incidents involved nonradar flights, those that did yielded
significantly more severe errors. Operational errors involving the four nonradar flights (Mean
severity = 13.25) were more severe than were errors involving radar flights (M = 9.96).

Because these variables occurred simultaneously with the error, or could be identified only after
the error occurred, they are not of great use in identifying variables that could be changed or
modified. However, as statistical predictors, they could be used in considering subsequent
analyses. For example, in this report, we take advantage of the large difference between
controllers who were aware of the impending problem and those who were not.

Because we were particularly interested in factors that could be indicators of poorer SAsituation
awareness, in the following multiple regression analyses, we considered separately the 150 reports
for which the controller was aware, and the 238 reports for which the controller was unaware. We
did this, in part, because it was impossible to predict awareness from variables about the personnel
or about the situation. No regression model of personnel variables emerged that allowed us to
predict who would be aware of an impending error and who would not. For a situation based

model, the type of control procedures involved (e.g., radar, nonradar ) and number of persons
involved were implicated, but together they accounted for only 1.6% of the variance in awareness.
Thus, given the large impact of awareness on severity, and given the difficulty of predicting
awareness from other variables existing before the error, we instead analyzed controllers who were
aware of the error separately from those who were not. For ease of exposition, we will often call
the former group aware controllers and the latter group unaware controllers.

Personnel variables

Controllers who made operational errors in 1993 were, on the average (median), full performance
level controllers (FPLs) for 41 months (0 to 305) who had last been (re)certified 30 months earlier
(0 to 293). About haif had medical waivers or restrictions (47%). Typically, they had justhad a
regular day off (RDO) the day before (30%) or two days before (26%) and had returned from a
break from controlling traffic 41 minutes before (1 to 395).

Stepwise multiple regressions were used to predict the severity of the error given the personnel
variables. For those controllers aware of the impending error, length of time as an FPL was the
only contributor to the model, accounting for only 2.8%. The model for unaware controllers
accounted for an equally unimpressive 2.4%. Like aware controllers, the longer an unaware
controller was an FPL the less severe the error; unlike aware controllers, time since certification
was a factor for unaware controllers: The more recently the controller was (re)certified, the less
severe the error. This latter finding is somewhat surprising, and perhaps suggests that controllers
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Situation variables

Variables characterizing the situation in which t.h i 2
g i e operational error occurred did

;l;:ls: :ar;o? to;)k plellcc in obviously unusual situations. Traffic complexli-rt; was :\?ériugigg t;:a;
e go?fro rlo:ilrsptaz CS)( Sv‘v‘%l)apg:g::;u:,eely 8 ah;;{af:i (2to 3(1)’) under radar procedures (9'9%) in
Do), o aiming ot progl:ess o nll;csusu 'aly ot combined (74%), nor were positions

3 r , 10 dures were in effect (86% o
national procedures were being followed " More ero o ek and.
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. a . r severity. Fol
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Causal factors

;l;l;e ér:s/iegltig‘?tor.; who filed the operational error report attempted to discem the causal factor(s)
implicalcde' or the ermff Table 1 lists the causal factors with the percentage of times they were
disl; s, :1( ialnJ l;rl;(;r.wh:::chrr\lv(;ss‘ fsgll:centﬂﬁ zi:;uﬁfe(:l causal factor was other inappropriate use of
g ) \ ate; o of the time. This other fact
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N S0 on. inap) i
Mo‘%e-Cb;was;mplicated Tow, 2na s ti(i:e. e second most frequent cause, inappropriate use of
e began by comparing the proportion of times a factor was implicated
contro!lers. Only two causal factors were reliably (p < .05) dift'erenl-:t:I A:vaf:rcz:,l?:llae?g \::::/ o
:3:: ul;ll(lctlk)x’e ;o a:lsa:’v; r;;dteh?:t;t::: lI'IeJDD error 81(2(1) = 4.,96) than were unaware controllers,
: rror more than any other. The u :
zm;r(el ;mel); t:an were aware controllers to commit an error involved w'il;lv::;edgggl?gi’l:fit‘zgzc
X = 6.60).

Table 1. Percentage of uUnaware and aAware controllers reports implicating each causal factor.

Causal Factors %
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between Aircraft #1 and Aircraft #2; Employee assumed Aircraft #2 would stay on an easterly
heading afier deviating around weather). Uninformative narratives were those that provided no
insight into the underlying cognitive process and were excluded from analyses; forty-one percent
of the aware reports and 24% of the unaware reports were excluded. A chi-square analysis of
awareness (i.e., unaware vs. aware) conducted for each of the four psychological classifications
revealed a significant dependent relationship. In comparison to aware controllers, unaware

controllers made significantly more perceptual, (xz( 13) = 410.181, p<.05 and memory errors

(xz(l) = 6.00). In contrast, aware controllers committed significantly more thinking errors, xz(l)
=9.26. The results are presented in Figure 1. Interestingly, attentional factors were implicated
equally often in aware and unaware controllers operational errors. However, memory factors were
implicated Forgsnderably more often for unaware controllers compared with aware controllers,
whereas thinking factors were implicated mich more often for aware than unaware controliers.
Again, the dgla seem clearer for aware controllers than for unaware controllers. Aware controllers
make a considerable number (56%) of thinking errors, errors of assumption, judgment, and
decision making. However, the types of errors committed by unaware controllers are more evenly
distributed across the defined psychological categories, Unaware controllers make relatively more
memory errors than aware controllers, but in fact the frequency of memory errors is no higher than
perceptual or thinking errors. Unaware controllers seem to make all types of errors.
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Figure 1. Psychological classification by awareness

Discussion

How might aware controllers differ from unaware controllers? The current work allows some
speculation. One possibility is that aware controllers had reasonably good SA, but because of a
misjudgment or false assumption, they inadvertently performed one action, when they should have
performed another. Given that the only situation variable for aware controllers was the presence of
special procedures, it may be that aware controllers incorrectly defaulted to more standard
procedures, rather than implementing the special procedures.” In a schema view, this would mean
that the controller relied on default values in their schema, or default settings in their mental model.
This would lead to errors of interpretation and judgment. Although one could speculate in this
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way, this type of speculation is premature, due in large part to the lack of any understanding of
situation factors influencing the unaware controller.

Some understanding of the difference between aware and unaware controllers comesmay
emerge from the analysis of the narratives produced by the quality assurance specialists. A gross
differentiation along cognitive dimensions suggested that aware controllers made errors in thinking
(i.e., judgments, decision making, and assumptions), whereas the errors made by unaware
controllers tended to involve memory. Although aware and unaware controllers were different in
the narrative analysis, and although aware controllers tended to make thinking errors, it is again
less clear what to make of the data for unaware controllers. It is possible that unaware controllers
made more memory and perceptual errors, but it is also possible that unaware controllers made
errors across the board, in roughly equal frequencies. Overall, as with some of the other analyses
(e.g., situation- based stepwise regression), the charactetistic error made by the unaware controller
is not readily apparent from the retrospective operational error report. It seems clear that any fine-
grained understanding of situation awareness should rely upon on-line measures, rather than
retrospective reports.
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Situation awareness (SA) has received a considerable amount of attention in the recent literature.
However, no agreed upon definition or methodology for the measurement of this phenomenon
currently exists. Many definitions have been proposed and have provided perspectives varied in
scope. For example, the definitions provided by Endsley (1988) and Mogford (1994), although
not incompatible, present different viewpoints regarding SA. Despite the lack of a common
definition, our experiment focused on finding a sensitive procedure that would best differentiate
among levels of expertise or skill and hence, SA.

A number of different methodologies have been explored in an effort to understand how
operators develop and maintain a “picture™ of the situation in which they are involved.
Methodologies previously used have included verbal protocol analysis (e.g., Ericsson & Simon,
1994, Ohnemus & Biers, 1993; Sullivan & Blackman, 1991), retrospective event recall (e.g., de
Groot, 1965; Kibbe, 1988), concurrent memory probes such as the Situation Awareness Global
Assessment Technique (SAGAT; Endsley, 1988), and physiological measures such as eye
movements (e.g., Moray & Rotenberg, 1989; Stein, 1989; Wierwille & Eggemeier, 1993).
Beginning with the assumption that experts have better SA than novices, we compared five very
different procedures in one study: verbal protocols, eye movements, on-line queries with the
situation present, on-line queries with the situation removed (as in SAGAT), and post-hoc
recollection.

We chose to look at chess expertise for several reasons. First, chess has been correctly called
the drosophila of cognitive psychology (Chamess, 1989), and its long history of study should
serve us well in understanding SA. Second, it seems to us that, perhaps more than most activities,
differences in chess expertise are differences in SA. The entire game involves assessing the
relationship between existing pieces and predicting impending moves. For example, input and
output processes are simple and are unlikely to distort the internal model of the sitvation. Third,
chess players are ranked by the United States Chess Federation (USCF) and the differences among
rankings are well understood. Finally, our ultimate interest is in understanding SA in air traffic
controllers, and chess provides a God's-eye perspective of a number of different entities that make
it a nice, albeit limited, laboratory analog of air traffic control.

General Methodology

All participants monitored four chess games. We asked participants to monitor, rather than play,
the games to allow control over the entire game. All players experienced exactly the same game
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regardless of their skill level, allowing us, for example, to insert queries at identical points for each
player. To ensure involvement, the participants were asked to monitor the game for imminent
material losses. This is a clear component of chess and allowed us to engage the participants even
though they were simply monitoring an existing game.

Table 1. Overview of experimental procedures.

Game 1 Game 2 Game3 Game 4
Opening Queen's Gambit | Queen's Indian Caro-Kann Sicilian (Alapin)
(Slav defense/ (Main line) (Capablanca
Main line) /Main line)
Outcome White mates in Black mates in 74 | White mates in Black mates in 61
60 52
Number of 8 7 12 8
captures
Monitor material | Yes Yes Yes Yes
loss
Method tested Verbal protocols | Eye movements | Situation- Situation-absent
present queries | queries (SAGAT
like)
Post-hoc recall Yes Yes Yes Yes

In each game, the participant sat 42" from a projected image of a chess board that subtended a
visual angle of 40(, with each square subtending about 5(. At the beginning of each ply, a piece
blinked twice, moved, and then flashed twice again. The position remained for 15 sec. The game
was stopped after 80 plies (40 moves).

A chess expert (USCF 2100; Expert), an intermediate (USCF 1607; Class B), and a novice
(USCF 1374; Class D) monitored four high-level games generated by a commercial computer
program, Chessmaster 4000 (. Characteristics of each game, and what methodological procedures
were employed, appear in Table 1. The games were generated by setting both white and black on
Ch 's Ch -level and having the computer play itself. Games were randomly
assigned to order of presentation. In all games, moves of both white and black were made while
the participant monitored the game to determine when a piece was about to be captured. Across
games there were 7 to 12 plies or sequences of plies during which pieces were captured.

In this pilot study, the use of only three participants makes the statistical discovery of the most
sensitive procedure problematic. In part we relied on visual inspection of the data, looking for
clear differences across levels of expertise. In addition, we conducted item analyses using
materials (.g., queries) rather than participants as the random variate. This allows us to generalize
to other probes or situations for these participants, but does not allow us, for example, to
discriminate between effects caused by the particular participant and effects caused by his level of
skill. All tests were conducted at an alpha level of .05.

Anticipating Material Loss

As the cover task, the participant used a joystick to register his judgment about the imminent loss
of material. If he believed that a piece would be taken “in the near future”, he was to pull the
joystick back; if he believed that a piece would not be taken in the near future, he pushed the stick
forward. “Near future” was intentionally left vague so as not to influence the distance in the future
that the participant normally considered. Confidence was indicated by the extent to which the stick
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was pushed or pulled. If the participant did not have any feeling about the upcoming state of
affairs, he was to rest the stick in the middle, neutral position. '

‘We began analysis by determining the plies during which a take occurred. To control for
strategies (such as always anticipate loss of material) we chose, for each game, a comparable
miember of plies in which s lake did oo occur. Thus, if a person did invoriably pull the joystick
ek, bie would do well anticipating loss of matesinl, but poorly anticipating when no malerinl loss
wiuld cecur.. Perfoemance of a theoretical pesfect plaver wha moved aptioally fram fake to na-
ke and back was caloultated. For each critical ply in the game, we computad the peing priar e that
sccurrenee when the participant changed his judgamen "o lake" to “iake," or fom “iake™ o0
‘o take,” ancl comparsd it fo the theoreteal perfect panticipant. Scores could rangs fram 0 sec, |f
the ply was never correctly detected, to the theoretical oPtimum,
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Figure 1. Projecting material loss

Not surprisingly, the expert anticipated material losse$ (47 sec; 4 plies) sooner than did the class
B player (19 sec; 2 plies) or the class D player (13 sec; 1 ply). Results are shown in Figure 1.
Regardless of the concurrent procedure, the expert was easily distinguishable from the two
nonexperts. A repeated measures ANOVA revealed a significant main effect of skill, F(2, 132) =
14.82. Although there was no significant effect of method nor any interaction of method with
skill, the figure suggests that only when the participants were in the Situation-present Queries
condition were all three levels of expertise distinguishable. This may suggest that the Situation-
present Queries condition is most likely to reflect individual differences in SA.

There has been some concern that interrupting the participant could, in itself, interfere with SA
(e.g., Sarter & Woods, 1991). However, in the current study, there was little indication for the
novice or the intermediate that the particular procedure had any contaminating effect on SA, While
verbal protocols have been criticized as obtrusive and unreliable (Nisbett & Wilson, 1977),
recording eye movements is touted as a relatively unobtrusive measure of recording behavioral
data. However, in our data there was no effect of methodology on anticipating material loss, and
what little effect may have been present argues for the use of query techniques.
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Verbal Protocols

Verbal protocols were gathered during the first ici
) game. Participants were told to . .
:‘brz uatn:: ;/Ceer:gazle aig\;ll-) tht:\:gl:’ts a:l:)u( the chess game that yog are walchi:g. lgor e);:axill;)?eutul:l)l‘:dl
out to be taken, tactics or strategies that you notice are bei o
E:x;?y%%n:glggml:m{n {)he tgame diUCh as which side currently ¥1as an advantagem%vuesfi% :;tj et
nt about an . . . : . - . .
ab%n Y e the gt ything in particular, just tell us basically what you are thinking
rotocols were transcribed, segmented into pli i
N plies, and then categorized by th i
ﬁom!:jrtn_entg relevant to the game were coded into four categories: lg>rcdiclior¥s. ‘:s?eqs)sc;:;etzters
) 'I?}:' ications, and Other. Predictions were sentences that described possible future moves
o, e mo_k will go to H3 and attapk the queen.”). A were es that charactens'i(e.dg"
cxz t?:nggoel;l%e f::(;‘:s:fh‘ehlel imlll:: ‘;vuh;ml makiaxllg (xjany predictions (e.g., “White needs to avoid *
excha 2 evelopmental advantage.”). Identifications were
identified specific moves or tactics (e.g., “The kni Cis pi is i bpsinrend
C 8o ght is pinned; This is a " it
Cog\megltls tl"nla(‘dld not it these categories were rare and were excluded frg:lcfc\?n;eg:;nn!:ll‘ sl.s
e )ve‘:', ll to :rl:;i?::((iﬁle ;lngr;)c;gﬁm mt::ic the most utterances (N = 184), the expert lhz Jeast (N
=94), ’ i = ing between these two. This pattern of overall
o with the intermediate effect (Grant & Marsden, 1988; Schmi huizen, 1903,
When the utterances are classified as in Fi, i m et e eaps 15
v 3 gure 2, it becomes apparent that the partici
dn;t:ren:i types of comments depending on their level of expcg?se, x24) = 94;;3:!(1;:':51:;:5 L:_:tered
;l); d gce mostly predictions (64%), more than either the intermediate or the novice, 2(5)e =
the si l'u:-tl')c lm?(-g;cm;(;b gn lge other hand, produced the largest number of st s assessi
tustion, x2(2) = 76.03. is corpus was 62% assessment, wil icti v
;nogolg:l';’nitéte’xcat;_onz Fma.lly,f tlhe novice's protocol consi ed Bgv;él%only b preglst;:‘;i;il::‘:ion
ntification, a profile too similar to the i jate" i is
procedure, resulting in a nonsignificant x2(2) =e4]3fel‘\11.19m diate’s 0 allow recommendation of this

BONovice

DOExpert

Type of Utterence

Figure .  Protocol analysis
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Eye Movements

During game two, eye movements were recorded using an Applied Science Laboratories (ASL)
series 4000 eye tracker. The eye tracker utilized a magnetic headtracking apparatus in order to
compensate for any head movements made by the participant. Eye movement data were recorded in
two, 10 minute sessions. The first session included plies 1-40; the second session included plies
41-80. A 10 minute break was allowed between sessions to prevent participants from
experiencing any discomfort resulting from the headband of the eye tracker. Participants were
instructed to watch the game while using the joystick as in the previous game. Fixations and
saccades were recorded. To qualify as a fixation, the eyé had to remain looking within .5( visual
angle for at least 100 msec. :

Unfortunately, in all of our analyses, differences among skill levels were quite small. For
example, the largest difference in the fixation rate was 0.4 fix/sec, and the difference in average
saccade distance was 1(. A more promising finding may be that the novice player had longer
fixation durations (M = 283 msec) than did the expert (M = 233 msec) or intermediate player (M =
198 msec), but even here it was difficult to clearly classify the players. We looked at a myriad of
other measures (€.g., fixation duration on critical pieces, area of the board covered) with little

id that eye mo' would be a consistent predictor of expertise. It certainly would not
be an easy one to ascertain. Unfortunately, a clear picture of SA, as reflected in eye movement

iff es, was not apparent, although some interesting trends did emerge. Obviously, this is not

1o say that such differences do not exist, merely that we could not find them.

Situation-present Queries

During the third game, the participant responded to questions about current and future chess
positions. On some trials during the chess game, a tone sounded and a question was presented
auditorily while the chess board and pieces remained in view. All participants were asked the same
questions on the same plies. Eighteen questions were askeds six from each of three categories: 1)
Perceptual, 2) Present Conceptual, 3) Future Conceptual. In this version of the on-line query
methodology, the situation remains present while the participant responds. Clearly, the proportion
of correct responses should be quite high, given that the participant can determine the correct
answer from information still being displayed. Thus, the primary dependent variable was
response time.

We looked at this variation of more traditional on-line querying techniques for a number of
reasons. First, unlike looking at mistakes in SA, response time allows us to investigate successful
SA, rather than inferring characteristics of SA from its failures. Second, our ultimate interest is in
explorihg SA among air traffic controllers, where any technique that removes them from the radar
screen is likely to be disruptive and viewed with suspicion. An auditory query allows the situation
to continue and uses an input mode that can be fit into the controller’s existing work scheme (.g.,
by querying over a telephone line).

The participant answered orally while the experimenter recorded his response. The screen in
front of the participant went blank and the response recorded by the experimenter was then
displayed, allowing the participant to confirm or change the experimenter’s input. A question was
asked during 18 randomly selected plies during the game. Participants were queried about: 1)
Perceptual characteristics(Where is the white queen?; What piece is adjacent to the black rook?; 2)
Present conceptual relations (What piece is the white bishop attacking?; What piece is defending
the white knight?; 3) Future relations( What piece can white move to pin black’s rook?; What
piece can black move to prevent a back rank mate?
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Figure 3. Situation-present queries

As expected, accuracy was quite high and did not distinguish among levels of expertise.
Response time, on the other hand, appears to be a good index of expertise, and presumably, SA,
F(2, 24) = 13.12. Results are shown in Figure 3. Overall, the expert responded faster than the
intermediate, who responded faster than the novice. Latency also varied as a function of question
type, F(2, 12) = 4.78, with future questions taking longer to answer than did the other types.
Skill also interacted with question type, F(4, 24) = 2.32, p <. 10. Differences as a function of
skill were present most clearly in questions about future events, F(2, 8) = 7.20 and perceptual
events, F(2, 10) = 5.28.

Situation-absent Queries

More typically, on-line queries freeze the simulation of interest, remove information, and ask the
participant a question or series of questions (i.e., Endsley’s (1988) SAGAT). In the fourth game,
the pieces were removed from the board as a tone sounded, and a question was presented visually
to the right of the now empty board. Participants read and answered the question, the screen went
blank, the experimenter typed the response to allow the participant to verify the entry, and then the
board reappeared as it was when the question sequence was initiated. As before, 18 questions
were asked.

The data from situation-absent procedures are the number of questions responded to correctly.
Those data appear in Figure 4. It is worth noting that the figure presents results similar to those
found in the verbal protocol: an expert advantage for predictions (future) and an intermediate
advantage for of the (current) position. This methodology showed a marginal skill
effect, F(2, 30) = 2.94, p < .10. Questions about the future distinguished most clearly among the
three skill levels, F(2, 10) =3.18, p <.10. Skill diff were not reliable for the perceptual or
present questions, despite the graph’s suggestion of an intermediate superiority for present-
queries,

Given the success we had with the response time analysis in the situation-present procedure, we
looked at the response times associated with the correct responses in the situation-absent
procedure. Uunlike percent correct, visual inspection of the response time data revealed consistent
differences among skill levels (although not as clear as the situation-present condition).
Unfortunately, the error rate prevented any meaningful analysis of correct latency. Nevertheless,
this may suggest that the differences between the situation-present and situation-absent procedures
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may be relatively unimportant, provided that response time is used to assess differences among
jevels of expertise.

Future Present Perceptual

Question Type

Figure 4. Situation-absent queries

Memory

The final analysis involved consideration of the recall protocols participants gave after the game.
Although recall occurred after each game, we considered only the first game here, since it would
be uncontaminated by other recalls. The participants differed dramatically in the length of their
recall protocols, with the expert saying very litde and the intermediate saying quite 2 bit.
However, the expert’s recall consisted primarily of generaL abstractions that characterized large
segments of the game. The novice's recall consisted of seVeral move by move recollections of the
game. The intermediate’s recall fell between these two. Unfortunately, the succinctness of the
expert’s recall made it difficult to analyze the protocols beyond this overall classification. )
However, it does suggest that experts tend to convey labels of encapsulated information (Schmidt
& Boshuizen, 1993).

Discussion

We investigated five procedures. Of those, eye movements seemed to be the most complicated and
yielded the fewest insights. Analysis of memory protocols and on-line protocols were also
problematic. The two query procedures seemed to supply some useful information. Across the
procedures, we found considerable evidence that questions about the future are most likely to
discriminate among all three levels of expertise. Number of predictions in the verbal protocols,
proportion correct for future-oriented queries (situation-absent), and response time f_on; future-
oriented queries (situation-p ) all suggest that her. in distingu g levels of
SA would do well to focus their efforts on future events. Even our cover task, which required
participants to predict material Joss, showed clear expertise effects. Information about the current
state of affairs, as measured by assessment utierances in verbal protocols and proportion correct in
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situation-absent queries, did not discriminate across skill levels. This was due to the finding of an
intermediate effect where the intermediate chess player outperformed both the expert and the
novice. The problem in assessing SA with these types of information is that the novice and the
expert are more similar than their ranking suggest they should be.

The current work also suggests that the best procedure for measuring SA is to ask questions of
the participant, but to rely on the response time for correct responses, rather than on the proportion
of correct responses. In the situation-present procedure, response time (especially for future
events) was a good discriminator of skill level. Even in the situation-absent procedure, response
time may prove (o be a fairly good discriminator. The query procedures also did not seem to fetter
the participants’ ability to monitor the task, as evidenced by their continued ability to project
material loss throughout the procedure. This suggests that interrupting participants with a query
does not seriously disrupt the task. Further, there seems to be no reason to remove the situation in
order to assess SA. Of course, proportion correct will be near ceiling since the participant can
simply recxamine the display; however, response time will capture SA differences. In fact, it will
capture it more clearly than removing the situation. We believe this finding to be quite encouraging
for efforts, such as ours, that hope to be applicable to air traffic controllers. We believe, in such
an environment, an important part of SA is knowing where to find the information when you need
it; in air traffic control, not all information needs to be memorized, nor should it be. With the
situation present, the controller can continue to control traffic while SA queries from other facilities
are occasionally presented over one of the controller’s telephone lines. Attempts to extrapolate
these results to other arenas should take into consideration the small number of participants used in
this study, the differences between task domains, and the differences due to monitoring versus
active control. Nevertheless, the current work suggests that the best way to assess SA is to ask
questions about impending events while the situation remains available to the operator and to time
how long it takes the operator to make the correct response.
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